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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____NO_____  

Can you record movies/images using your own microscope camera? (Y/N)___YES______  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Yes______ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _4.2.1; 4.3.1; 5.1.2; 5.2.4; 5.3.1__________________________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ____5.1.1; 5.1.2;_ When fluid flow rate is fast, we place additional fluid outlet suction line to maintain bath level.______________________
E.  Will the filming need to take place in multiple locations? (Y/N) ___NO____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jae Gon Kim: This method can help answer key questions in the electrophysiology field, such as fluid flow-induced regulations of ion channels [1-MED]. 
1.1.1. Interview style
1.2. Kyung Chul Shin: The main advantage of this technique is that it can estimate the actual ion concentration in the unstirred boundary layer of the membrane surface for data interpretation related to fluid flow-regulation of ion channels [1-MED].   
1.2.1. Interview style
Protocol: (read by voice talent at JoVE)
2. Agarose Salt Bridges Between the Bath Solution and Reference Electrode
2.1. To begin this procedure, bend the fire glass capillary tube to form a U-shape [1-MED]. The inner diameter of the capillary should be large enough for reducing series resistance when recording large ion currents [2-CU-TXT]. 
2.1.1. Talent bends the fire glass capillary tube to form a U-shape
2.1.2. CU the capillary to show its inner diameter. Text: I.D.: ( 2-5 mm

2.2. Next, dissolve 3 grams of agarose in 100 mL of 3 molar potassium chloride [1-MED], and place it on a hot plate between 90 and 100 °C [2-CU]. Then, load the bridge with the potassium chloride agarose by immersing the glass bridge in the solution [3-MED].
2.2.1. Talent adds 3 grams of agarose in 100 mL of 3 molar potassium chloride
2.2.2. CU the agarose solution as it is placed on the hot plate

2.2.3. Talent loads the bridge with the potassium chloride agarose by immersing the glass bridge in the solution
2.3. Keep it overnight at room temperature for the agarose to set and harden [1-CU]. The next day, carefully dig out the agarose-potassium chloride-loaded glass bridge from the hardened agarose-salt [2-MED]. Store the bridge in a wide-necked bottle of 3 molar potassium chloride in the refrigerator [3-MED].
2.3.1. CU the agarose as it is set aside

2.3.2. Talent digging out the agarose-potassium chloride-loaded glass bridge from the hardened agarose-salt

2.3.3. Talent places the bridge in a wide-necked bottle of potassium chloride in the refrigerator
3. Application of Fluid Flow Shear Force to Cells in a Patch-Clamping Chamber  

3.1. In this procedure, place a container loaded with bathing solution above the patch-clamp chamber [1-MED]. Next, fill the patch-clamp chamber with the bathing solution by suctioning the tube [2-MED]. 
3.1.1. Talent places a container loaded with bathing solution above the patch-clamp chamber
3.1.2. Talent fills the patch-clamp chamber with the bathing solution by suctioning the tube

3.2. To stop the fluid flow, clip the tube at the container’s side to block the fluid flow [1-MED]. Then clip the tube at the suction side to stop the suction at the same time. This is the “stationary” control condition [2-CU].
3.2.1. Talent clips the tube at the container’s side to block the fluid flow
3.2.2. CU the tube as it is clipped at the suction side to stop the suction

3.3. To apply fluid flow shear force, open both tubes on the container and suction sides at the same time [1-MED]. Before or after applying the fluid flow shear force to the cell, calculate the flow rate in milliliter per minute by measuring the decrease in fluid volume over a given time [2-MED].
3.3.1. *Film as written

3.3.2. Talent measures the decrease in fluid volume
4. Measuring Changes in Liquid-Metal Junction Potential 

4.1. To measure changes in liquid-metal junction potential, prepare a normal physiological salt saline for the bathing chamber [1-CU-TXT]. Next, place a patch pipette containing 3 molar potassium chloride solution in the chamber to minimize the junction potential shift between the pipette and bathing solutions [2-MED]. 
4.1.1. CU the prepared salt bridge. Text: See the accompanying manuscript for salt saline’s composition
4.1.2. Talent places a patch pipette containing potassium chloride solution in the chamber

4.2. Then set the voltage-clamp amplifier to the current clamp mode [1-MED-over the shoulder]. After nullifying the initial offset potential [2-CU], measure the changes in voltage induced by varying the flow rates [3-SCREEN].
4.2.1. *Film as written

4.2.2. CU the reference electrode as it connects with bath solution
4.2.3.  4.2.3 tracing of junction potential (fluid flow from 15 to 62 s).mp4: Video editor, Please mark the beginning and end of fluid flow as an arrow or similar. Based on elapsed time (bottom left of movie), fluid flow was applied between 15 and 62 seconds.  Show the tracing of junction potential in the absence and presence of fluid flow 
4.3. To verify that the changes in voltage are liquid/metal junction potentials, re-examine the effect of fluid flow on the junction potential using the agarose-salt bridge [1-MED] between the bath solution and the reference electrode [2-SCREEN].
4.3.1. Talent places the agarose-salt bridge between the bath solution and reference electrode
4.3.2. 4.3.2. tracing of junction potential with agar bridge (fluid flow from 16 to 61 s). mp4: Video editor, Please mark the beginning and end of fluid flow as an arrow or similar. Based on elapsed time (bottom left of movie), fluid flow was applied between 16 and 61 seconds. Show the tracing of junction potential in the absence and presence of fluid flow
5. Experimental Estimation of Real Chloride Concentration
5.1. With the results of the changes in liquid-metal junction potential, draw the junction potential-flow rate relationships [1-LM] and estimate the saturating value of junction potential shift by the supra-fluid flow rate [2-LM]. 
5.1.1. 58228_Bae_byun_58228fig3large.jpg: Video editor, please show Figure 3A upper panel, and then add lower panel.
5.1.2. 58228_Bae_byun_58228fig3large.jpg: Video editor, In Figure 3A lower panel, please draw a virtual horizontal line at 7 mV in the Y-axis to indicate the saturating value. 
5.2. Then, change the chloride concentration in the bathing fluid, and draw the junction potential-chloride concentration relationship [1-LM]. Note that the fluid rate should be constant and sufficiently high to prevent the decrease of chloride- concentration to that of the adjacent silver/ sliver chloride reference electrode [2-LM].
5.2.1. 58228_Bae_byun_58228fig3large.jpg: Video editor, please show Figure 3B upper panel

5.2.2. 58228_Bae_byun_58228fig3large.jpg: Video editor, please add Figure 3B lower panel, and add red straight line. Then, highlight texts “~7 mV voltage drop” and “~30% [Cl-] reduction”
5.3. From the two relationship curves, estimate the changes in chloride concentration from the measured junction potential shift [1-LM].
5.3.1. 58228_Bae_byun_58228fig3large.jpg: Video editor, please show Figure 3A (lower panel) & Figure 3B (lower panel) with additional highlighting each X-axis label “Flow rate (mL/min)” and “Bath Cl- concentration (mM)”
6. Results: Effects of Fluid Flow on L-type VDCCL and Kir2.1 Currents With and Without agarose 3 M KCl Bridge 
6.1. VDCCL currents were recorded in the enzymatically dispersed rat mesenteric arterial myocytes with nystatin perforated patch-clamp recording [1-LM-TXT]. With agarose potassium chloride-bridge, the junction potential between the reference electrode and bathing solutions could be minimized, and the fluid flow increased the VDCCL currents voltage-independently [2-LM].
6.1.1. 58228_Bae_byun_58228fig2large.jpg: Video editor, please show Figure 2A (First show the black curve, then add the red curve). Text: VDCCL: Voltage-dependent L-type Ca2+ channel
6.1.2. 58228_Bae_byun_58228fig2large.jpg: Video editor, please show Figure 2B (First show the black curve, then add the red curve)

6.2. However, when the silver/silver chloride reference electrode was directly connected to the bathing fluid without an agarose potassium chloride bridge, the I-V relationship in the presence of fluid flow shifted to the right compared to that of the VDCCL currents under a static condition [1-LM].
6.2.1. 58228_Bae_byun_58228fig2large.jpg: Video editor, please show Figure 2C (First show the black curve, then add the red curve) and Figure 2D (First show the “control” curve, then add the “flow” curve)

6.3. The fluid flow-induced increase of Kir2.1 currents [1-LM], which were recorded in rat basophilic leukemia cells with the agarose bridge, can be explained by the unstirred layer effect [2-LM]. 
6.3.1. 58228_Bae_byun_58228fig4large.jpg: Video editor, please show Figure 4C. 
6.3.2. 58228_Bae_byun_58228fig4large.jpg: Video editor, please add Figure 4A and B (First show Figure4A, then add Figure 4B).
7. Conclusion (said by authors on camera)

7.1. Sang Woong Park: After its development, this technique paved the way for researchers in the field of electrophysiology to explore the regulations of fluid flow-induced ion channel currents, in terms of electrochemical phenomena in the unstirred boundary layer at cell membrane surface [1-MED].
7.1.1. Interview style

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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